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INTRODUCTION
A number of national and international organizations have
reviewed potential health effects of radiofrequency (RF) field and
identified research gaps (1–7). In 2011, the International Agency
for Research on Cancer (IARC) of the World Health Organization
(WHO) classified RF fields as “possibly carcinogenic to humans –
2B” (7), a classification confirmed subsequently by the EU funded
European Health Risk Assessment Network on Electromagnetic
Fields Exposure (EFHRAN) (5).
The rapid worldwide increase in mobile phone use in adoles-
cents and, more recently, children has generated additional interest
in the possible health effects of exposure to RF [EU funding calls
ENV.2008.1.2.1.1. “Health impacts of exposure to radiofrequency
fields in childhood and adolescence” and ENV.2013.6.4-2 “Closing
gaps of knowledge and reducing exposure to electromagnetic fields
(EMF)”]. Concern particularly relating to children and adolescents
originates from the likelihood that, if an increased risk exists, it
could be greater for exposure at younger ages due to: increased
sensitivity of the developing neurological system to effects of RF
signals; higher estimated specific absorption rate (SAR) in chil-
dren (due to a thinner skull and ears compared to adults) (8);
and greater lifetime cumulative exposure compared to those who
began mobile phone use in adulthood.
MOBI-Kids, a multinational case–control study, was therefore
initiated to assess the potential effects of exposure to RF and of
extremely low frequency (ELF) electromagnetic fields (EMF) from
mobile phones on the development of central nervous system
tumors among young people. This study builds upon the method-
ological experience of INTERPHONE, the 13-country collabora-
tive effort investigating the possible association between mobile
phone use and risk of gliomas, meningiomas, acoustic neurino-
mas, and parotid gland tumors among adults diagnosed during
2000–2004 (9–11). In designing MOBI-Kids, considerable effort
was invested in improving the INTERPHONE design and adapt-
ing it to changing communication technologies and a younger
age range. Quantitative exposure assessment is being improved
by a group of researchers experienced in non-ionizing radiation,
environmental, and occupational exposure assessment.
MOBI-Kids is the largest study to date investigating the poten-
tial association between mobile phone use and the risk of brain
tumors among young people. To date, only one study, CEFALO
(12), focused specifically on the possible association between
mobile phone use and brain tumors among the young. No evi-
dence of an increased brain tumor risk in association with years
of use of mobile phones or cumulative call time was found among
352 cases diagnosed between 2004 and 2008. However, subjects in
CEFALO were young (the median age at diagnosis was 13 years),
and were not long-term or heavy users (the median period of use
was 2.7 years). Large-scale ongoing studies of mobile phones are
under way, notably the COSMOS study (13), but are restricted to
adults.
This paper describes the study design of MOBI-Kids and the
challenges encountered and solutions sought while developing the
protocol with respect to: (1), choosing a representative control
group while ensuring a high compliance rate under the chosen
case–control design; (2) investigating a young study population
spanning a relatively wide age range (10–24 years), with heteroge-
neous distributions of tumors and patterns of mobile phone use;
(3) conducting a large, multinational epidemiological study while
following increasingly strict ethics requirements; (4) investigating
a rare and potentially fatal disease; and (5) assessing exposure to
RF and ELF fields from changing communication technologies.
Where useful, data collected in the study up until June 2014 are
used to illustrate the study methods and associated challenges.
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STUDY DESIGN
MOBI-Kids is a prospective case–control study conducted in 14
countries: Australia, Austria, Canada, France, Germany, Greece,
India, Israel, Italy, Japan, Korea, New Zealand, Spain, and The
Netherlands. As brain tumors in young people are rare, and
because the effect of EMF from mobile phones, if any, is probably
weak, MOBI-Kids was designed as a multinational collaboration
spanning a target population of almost 40 million individu-
als (Table 1). The case–control design was chosen, as a cohort
study with similar statistical power would be extremely expen-
sive requiring a similarly sized population with many years of
follow-up.
STUDY POPULATION
The target study population consists of all males and females aged
10–24 years residing in the study region with a confirmed diagno-
sis of an eligible first primary brain tumor diagnosed during the
study period. In some countries, the study region encompasses
the entire country, while in others it is restricted to defined areas
(usually the major metropolitan areas) (Table 1). The period of
case ascertainment varies by country, first beginning in mid-2010
and continuing through 2014.
The age range was an important consideration in defining the
study population. The most likely mechanism by which exposure
to ELF and RF-EMF may increase the risk of cancer is through
a tumor promotion or progression effect (14, 15). Therefore, in
the case of exposure to ELF and RF-EMF, a relatively short latency
period may be a reasonable assumption, particularly, for tumors
in young people. However, we had to ensure that the prevalence
of mobile phone use in the past would be sufficient for the study
to have adequate statistical power. Given the historically low use
of mobile phones in children below the age of 12 years and the
comparatively high use in teenagers and young adults, a study of
brain tumors in subjects aged 15–24 years would have the most
power to evaluate tumor risk from mobile phone use in young
adults. However, as mobile phones have become increasing pop-
ular among 8–10 year olds since 2005 (16), and because of the
expanding number of other sources of RF signals in the home
(e.g., Wi-Fi), it is also of interest to study tumors in children aged
10–14 years. There appears to be little benefit in including younger
subjects in this study due to their limited use of mobile phones.
The relatively wide age range of the study population (encompass-
ing both children and adults) raises issues, however, such as the
need to design a questionnaire that is clear to the entire age range
and to properly separate questions to be answered by parents and
by the subjects themselves. Further, covering the ages of 10–24
requires including both adult and pediatric services, complicating
ethics board approvals, and study logistics.
CASE DEFINITION
Eligible diagnoses include only tumors originating in parts of the
brain likely to experience the highest exposure to RF-EMF from
mobile phones, which mainly comprises tumors not located in the
midline (Supplementary Material) (17). Both benign and malig-
nant brain tumors (not only gliomas and meningiomas but also
many other tumor types) are included in the study. This histolog-
ical heterogeneity of tumors could dilute a carcinogenic effect, if
it exists, for a specific type of brain tumor. However, considering
the rarity of these tumors among children, a separate analysis for
each tumor type (apart from glioma and by grade of malignancy)
will likely be unfeasible. A case is excluded if s/he has insuffi-
cient knowledge of the study language(s) and/or a known genetic
syndrome related to brain tumors (e.g., neurofibromatosis).
The original expected number of cases in the target age range
was of the order of 2,000. With the implementation of the study,
however, it became apparent that the number of eligible cases is,
in fact, much lower, in large part due to an underestimation of the
number of midline tumors in the study population and, to a lesser
extent, the failure of busy medical staff to notify eligible patients
in some centers. In most centers, it is difficult to know exactly how
many cases are ineligible as doctors/hospital staff will generally
not inform study staff of ineligible cases. However, centers with
access to detailed, reliable registry information or hospital records
have excluded from one-third to more than one-half of cases due
to an ineligible (midline) diagnosis. Table 1 indicates the revised
expected number of eligible cases per year; the revised expected
total number of cases to be included in MOBI-Kids is around
1,000, based on each center’s length of time in the field and other
factors such as number of participating hospitals and accessibility
to eligible cases. Fortunately, the MOBI-Kids study still has suf-
ficient statistical power despite the reduced number of cases (see
Study Power below).
SELECTION OF CONTROLS
Two hospital-based controls (who underwent an appendectomy
for suspected diagnosis of appendicitis) are selected for each
case, and matched on: sex; age (±1 year for cases younger than
17 years and ±2 years for cases 17 years and older); date of
surgery/interview (±3 months); and geographic area of residence.
In centers experiencing difficulties recruiting controls under the
above criteria, the protocol was modified to allow more flexi-
bility: date of surgery (±4 months); expanded area of residence
(at the center’s discretion); and broader age range (an additional
6 months). In addition to the cases’ exclusion criteria, controls are
excluded if the interviewer decides they are mentally unable to
understand and answer the questions. Care is taken to select con-
trols from the same population base as the cases. Since cases are
identified from tertiary centers, many more hospitals must partic-
ipate in the identification of controls to cover the catchment area
from which cases may arise.
The rationale for appendicitis patients was the inherent dif-
ficulty in case–control studies to recruit representative controls,
which is essential to prevent selection biases that could jeopardize
the validity of the study results. Recent studies have shown a con-
siderable decline in participation rates among population controls.
In the INTERPHONE study, only 54% of controls participated
(9); participation was further shown to be selective with respect
to phone use, complicating the interpretation of study results (10,
18). Given the age range in the current study, we expected selective
participation to be an issue since young people have distractions
that may prevent their participation. Young adults’ participation
is further complicated by ethics board requirements that require
parental approval to participate (generally at ages 10–18, depend-
ing on local ethics legislation). Germany, the only center to recruit
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Table 1 | Description of selected characteristics of the study population and design by center as of December 2013.
Study
center
Study region Diagnostic period Number of
participating
hospitals
No. of ethics
committees
(e.g., IRBs)
needed to
obtain ethics
for all
participating
hospitals
Direct access
to data on
eligible
patients
periodically
or in the end
of the study
Expected number of
eligible cases
Start End Cases Controls Target
population
at risk
Expected
eligible
cases
(per year)
Australia Greater metropolitan
areas of Melbourne and
Sydney
June 2012 December 2014 10 26 25 No 1,600,000 32
Austria Nationwide June 2012 December 2014 4 7 10 Yes 1,500,000 30
Canada Greater metropolitan
areas of Ottawa,
Toronto, and Vancouver
June 2012 December 2014 7 12 15 Yes 1,760,905 54
France 15 Districts in 7 areas:
Lorraine, Ile-de-France,
Rhône-Isère, Hérault,
Bouches-du-Rhône,
Alsace, Gironde
March 2011 December 2014 14 44 1 Yes 3,485,577 63
Germany Nationwide October 2010 June 2014 62 65 8 No 5,598,131 84
Greece Nationwide May 2010 December 2013 23 19 16a No 1,690,000 16
India Mumbai May 2013 December 2014 2 2 2 Yes 4,358,085 28
Israel Nationwide August 2010 December 2014 5 10 10 Yes 1,800,000 27
Italy Four regions: Piemonte,
Lombardia, Toscana,
and Emilia Romagna
January 2011 September 2014 33 39 45 Yes 2,937,400 46
Japan Tokyo metropolitan area June 2011 December 2014 18 13 23 No 1,700,000 34
Korea Metropolitan areas of
Seoul and Incheon and
Gyeonggi-do province
January 2012 December 2014 5 10 8 No 4,713,814 52
New
Zealand
Nationwide June 2013 December 2014 – – – Yes 925,720 17
Spain Four autonomous
communities:
Andalucia, Catalonia,
Madrid, and Valencia
January 2011 December 2014 58 69 69 Yes 4,134,986 43
The Nether-
lands
Nationwide June 2011 December 2014 10 7 17 No 1,600,000 30
Total – May 2010 December 2014 251 323 249 – 37,804,618 556
Frontiers in Public Health | Epidemiology September 2014 | Volume 2 | Article 124 | 4
Sadetzki et al. EMF and brain tumor risk
FIGURE 1 | MOBI-Kids key dates for case and control matching and eligibility.
both hospital- and population-based controls, has much higher
participation rates among hospital-based controls compared to
population-based controls. This indicates that compliance rates
are indeed much higher when using hospital-based controls (as
opposed to population-based controls) and that our choice of
hospital-based controls may reduce selection bias caused by low
control participation rates.
Appendicitis patients were ultimately chosen as controls as this
is a common disease among subject in the age range of the study,
neither related to mobile phone use nor to socioeconomic sta-
tus. Known risk factors for acute appendicitis include age (peak:
10–19 years), sex, ethnicity/race, family history of appendicitis,
infection, seasonal variation, and having cystic fibrosis (19, 20).
This limited number of risk factors, unrelated to any exposure
of interest in our study, ensures that unlike other hospital-based
controls, appendicitis controls are the most likely to represent the
general population from which the cases arise.
RECRUITMENT OF CASES AND CONTROLS
Because of the severity of brain tumors, rapid case ascertainment
is critical. Active identification of eligible cases and controls is
accomplished through contact with neurosurgery, radiology, and
oncology units for cases and general surgery for controls (both
adult and pediatric units). Completeness of case ascertainment is
assessed by periodically reviewing cancer registries and/or hospital
discharge records (where available). Cases are ascertained rapidly
and every effort is made to interview them as soon after diagnosis
as possible to minimize non-participation and recall bias that may
occur due to deteriorating cognitive abilities among cases. Con-
trols are identified and interviewed as soon after identifying a case
as possible. For logistical reasons, however, some time may lapse
between identifying and interviewing a subject. To ensure strict
data quality, we permit a maximum of 12 months between a case
interview and his/her reference date (date of first image showing
a suspicion of a space occupying lesion) and between a case and a
matched control interview (Figure 1).
As of June 2014, 2,990 eligible participants (878 cases and 2,112
controls) had been identified. Participation rates range from 78 to
83% and 60 to 69% among cases and controls, respectively (range
based on best and worst case scenarios regarding pending subjects’
final decisions) (Table 2). Of the 566 cases who have been inter-
viewed, 73% have at least one identified control and 53% have
two interviewed controls (Table 3). Seventy-nine percent of con-
trols’ interviews were performed within 6 months (26% within
1 month) of the case’s interview. Three-quarters of cases were
interviewed within 6 months of their diagnosis, with 55% being
interviewed within 3 months (Table 3). The study population has
slightly more males than females, and more participants in the
youngest age range (Table 4).
PROXIES
The core protocol specifies that proxies (preferably the parents)
will be approached if a case has passed away or is too ill to respond
to questions. Conversely, no proxies are approached for controls
since in this age group the number of controls deceased or too ill
to respond is expected to be minimal, therefore, not introducing
any selection bias. However, if the study subject is young and/or
their parents prefer to be present, the parents may help answer
the questionnaire (for both cases and controls). Only 3% of cases
needed a proxy interview because they were too ill or had passed
away; however, an additional 40% of cases were interviewed with
a parent or guardian either because they were young or the family
preferred to be present (results not shown).
ETHICS COMMITTEES
Ethics approvals for conducting the study were obtained in each
country, usually in each participating hospital (Table 1). As MOBI-
Kids involves both adults and children, consent is given by the
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Table 2 | Distribution of the study population by participant status
(cases and controls) as of June 2014.
Cases Controls Total
Identified as eligible 878 2112 2990
Agreed to participate 686 1275 1961
Interviewed 566 1074 1640
Refused 84 491 575
Doctor refused; dead; too
ill (no proxy available)
11 0 11
Other reason for
non-participation
10 13 23
Unable to locate 45 159 204
Pending confirmation 42 174 216
Participation ratesa 78–83% 60–69% 65–73%
aThe ranges represent the worst and best case scenarios depending on response
status; lower bound includes only current agreed, upper bound assumes all
pending agree.
Table 3 | Distribution of time interval between case and matched
controls interviews and diagnostic date as of June 2014.
n (%)
DISTRIBUTION OF INTERVAL (IN MONTHS) BETWEEN INTERVIEWS
OF CASESAND INTERVIEWS OF CONTROLS
>6 m before case 13 (2)
6–1 m before case 63 (8)
±1 m 189 (26)
1–6 m after case 334 (45)
6–12 m after case 143 (19)
DISTRIBUTION OF DELAYS INMONTHS BETWEEN DIAGNOSISAND
INTERVIEW – CASES
<1 m 176 (31)
1–3 m 137 (24)
3–6 m 104 (19)
6–12 m 149 (26)
STATUS OF MATCHING PAIRS ANDTRIPLETS FOR CASES AGREED
TO PARTICIPATE
Matched tripletsa 34 (6)
Matched pairsa 14 (2)
No matching yet 150 (26)
Completed pairs 68 (12)
Completed triplets 300 (53)
aIdentified but interviews are not yet completed.
subject, parent/guardian, or both according to age and local ethics
committee requirements. All subjects (and/or parents/guardians)
are asked to sign an informed consent form before participating
in the study.
Table 4 | Main characteristics of interviewed cases and controls in
MOBI-Kids as of June 2014.
Total Cases Controls
(1640) (566) (1074)
n % n % n %
Country
Australia 39 2.4 14 2.5 25 2.3
Austria 9 0.5 5 0.9 4 0.4
Canada 9 0.5 5 0.9 4 0.4
France 147 9.0 63 11.1 84 7.8
Germany 152 9.3 71 12.5 81 7.5
Greece 149 9.1 42 7.4 107 10.0
India 2 0.1 2 0.4 0 0.0
Israel 187 11.4 65 11.5 122 11.4
Italy 297 18.1 106 18.7 191 17.8
Japan 198 12.1 16 2.8 182 16.9
Korea 62 3.8 23 4.1 39 3.6
New Zealand 2 0.1 2 0.4 0 0.0
Spain 360 22.0 145 25.6 215 20.0
The Netherlands 27 1.6 7 1.2 20 1.9
Sex
Males 903 55.1 307 54.2 596 55.5
Females 737 44.9 259 45.8 478 44.5
Age (years)
10–14 661 40.3 221 39.0 440 41.0
15–19 579 35.3 209 36.9 370 34.5
20–24 400 24.4 136 24.0 264 24.6
Interview type
Self-respondent 1031 62.9 312 55.1 719 66.9
Proxy respondent 16 1.0 16 2.8 NA NA
Parent respondent 158 9.6 71 12.5 87 8.1
Both (self+parent) 424 25.9 160 28.3 264 24.6
Other 11 0.7 7 1.2 4 0.4
In recent years, ethics approvals have become more complex.
Seven centers had to obtain ethics approvals from each individ-
ual hospital (median number of ethics approvals per country:
16; range: 1 national ethics committee in France to 69 individ-
ual approvals in Spain) (Table 1). In Austria, ethics requirements
changed during the study period, requiring study staff to stop
recruiting participants and to submit applications at county-level
ethics committees, resulting in a loss of over a year of fieldwork.
Ethics requirements have become more restrictive. Several centers
are not allowed to recruit or even contact patients until they have
signed the informed consent form, placing the responsibility for
recruitment on already overworked doctors/hospital staff. Besides
making logistical aspects of MOBI-Kids more difficult, burden-
some ethics requirements could have significant implications on
other epidemiological studies as it means the denominator is
uncertain – we have to rely on busy clinicians to carefully record all
eligible cases who were recruited to join the study and to follow-
up on their recruitment. Furthermore, recruitment of controls
by doctors or hospital staff is especially onerous as appendici-
tis patients are only in the hospital for a short time, and further
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contact with them is limited. It is impractical to expect busy hos-
pital staff to recruit controls following a rigorous epidemiological
study protocol, but, given the strict ethics requirements, several
countries are left with no choice in this regard. As mentioned
above, these issues contributed to an appreciable reduction in
the number of cases recruited relative to the originally projected
number.
QUESTIONNAIRES AND STUDY INSTRUMENTS
Trained interviewers administer either an electronic or paper ver-
sion of a detailed questionnaire developed from INTERPHONE
and other recent brain tumor and/or mobile phone studies (21–
24), modified to include technological advancements, simplified
for younger subjects, and optimized based on pilot testing in
several countries. The main questionnaire includes demographic
variables; use of communication technologies (mobile phones,
cordless telephones, and Wi-Fi); exposure to non-communication
sources of ELF and RF-EMF; occupational history including occu-
pational exposures to EMF; and other possible risk factors for brain
tumors (e.g., medical history and radiation exposures).
The detailed section on mobile phone use is administered only
to subjects answering “yes” to the screening question about ever
having been a “regular mobile phone user” – defined as making
on average at least one call per week for 3 months or more. Ques-
tions are asked about initial and current use, including number
and duration of voice calls; use of hands-free kits, speaker phone,
and/or Bluetooth headsets; laterality of use; proportion of time
using phone in urban/suburban/rural areas; and other phone usage
[i.e., number of SMS and other messaging apps, and time spent
using email, Internet, and voice over Internet Protocol (VoIP) (e.g.,
Skype)]. Subjects are also asked about changes in phone use to fur-
ther characterize their phone use history. All makes and models of
phones used are identified with the assistance of a custom-made
searchable database containing over 6,500 phones.
Preliminary analyses show that <2% of the questions in the
main questionnaire have 5% or greater “do not know” responses,
indicating that the questionnaire is generally clear to the entire
study population (results not shown).
In addition to the subject’s questionnaire, parents (preferably
the mother) are asked about maternal smoking history and other
exposures before conception, during the pregnancy and the first
trimester of life of the child, as well as about the pregnancy itself,
the child’s delivery, and her/his school history. Parental occu-
pational histories are collected for both parents. Clinical data
regarding the disease status, surgery, pathology, imaging needed
for diagnosis verification, and tumor classification are collected
from all available medical files.
NON-RESPONDENTS
In case of refusals, where access to study subjects is allowed by
ethics committees, subjects are asked to complete a short non-
response questionnaire about mobile phone use and maternal edu-
cation level. This questionnaire will be used to evaluate possible
selection bias among participants.
VALIDATION STUDIES
Validation of self-reported phone use is conducted by comparing
responses of consenting subjects to network operator records. In
addition, Mobi-Expo, a separate but complementary study of vol-
unteers as well as a group of MOBI-Kids controls using software-
modified smartphones (SMPS), collects self-reported phone use
as well as use patterns, including laterality and data use recorded
by the SMPS. Mobi-Expo will provide important information
about mobile phone usage patterns in young people recorded by
the SMSP as well as a means of validating self-reported mobile
phone use.
TUMOR LOCALIZATION
Neuroradiologists will locate each case’s tumor on a generic 3D
head model using cases’ MRI or CT scans, similar to what was done
in INTERPHONE (25). Unlike INTERPHONE, however, there
are four head models corresponding to three child-sized and one
adult-sized head (according to age) and much more sophisticated
exposure estimation.
EXPOSURE ASSESSMENT
Collecting reliable valid data on complex and rapidly changing
patterns of exposures, while minimizing recall bias and errors,
has been a significant challenge in MOBI-Kids. Therefore, con-
siderable effort was invested in developing the questionnaire’s
exposure sections based on an extensive ELF and RF-EMF mea-
surement and modeling campaign (26) and experience gained
from INTERPHONE and expert opinions. Much thought was
given to minimizing recall biases (e.g., use of prompts and a search-
able mobile phone database to facilitate identification of phones
used; first asking questions about present use and then previous
use). In addition, we allow a maximum of 12 months between the
case and control interviews (and also between the case’s reference
date and interview) to minimize differential recall bias between
cases and controls.
MOBI-Kids includes numerous validation checks to ensure the
accuracy of the questionnaire responses. The development of an
electronic mobile phone database containing details on several
thousand mobile phones has resulted in a substantial reduction in
unknown phone models. Before launching the electronic mobile
phone database in June 2011, 36% of phones were unknown (that
is, subjects could not identify the make and/or model), whereas
only 16% of phones since June 2011 are unknown, clearly demon-
strating the benefit of a searchable mobile phone database to assist
in identifying mobile phones, a factor that is an important in
determining the exposure from the phones.
Due to the rapid increase in the use of intermediate frequency
(IF) technologies, some questions about sources of IF were added
to the questionnaire in early 2013; the job histories will also be
coded for IF-exposed jobs. This capability to address emerging
issues in non-ionizing radiation highlights the flexibility of expo-
sure assessment in the case–control approach, to address changes
in types of exposures in a rapidly evolving technological field.
STUDY POWER
As discussed above, despite our best efforts to reach the original
expected sample size of approximately 2,000 cases, the revised pro-
jected number of case is just under 1,000. However, preliminary
results on mobile phone use among controls indicate that 77 and
83% of males and females, respectively, were defined as ever using
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a mobile phone regularly (data not shown). In keeping with the
INTERPHONE study, subjects who had used a mobile phone for
<1 year were considered “never” regular users. Further, approxi-
mately 14% of all subjects in MOBI-Kids have used a mobile phone
for 10 years or longer, the threshold for long-term use in INTER-
PHONE. As this was a higher proportion than originally expected,
our power calculations were revised based on the updated expected
number of subjects and updated exposure indicators. Assuming
that 971 cases are included in matched analyses, the study has 79%
power to detect an increased risk of 40% [the estimated increase
in the risk of glioma seen in the highest decile of phone use in
INTERPHONE (10)], assuming 10% have used a mobile phone
for 10 years or longer; power increases to 90% assuming 15% are
“long-term” mobile phone users.
STATISTICAL ANALYSIS
The main analysis will be based on standard statistical methods
for analysis of case-control studies (18). As in INTERPHONE,
this study will use two approaches to characterize exposure from
mobile phones. The first will be based on self-reported history of
use (including number of years of use, duration of calls, lateral-
ity, and other exposure metrics) calibrated against objective data,
while the second will expand on INTERPHONE’s methods to esti-
mate the amount of RF energy absorbed in the brain at the tumor
location (25, 27) (as well as brain exposure to IF and ELF when
possible).
CONCLUSION
In spite of its challenges, the advantages of MOBI-Kids include
its large sample size – it will be the largest study to date on this
topic in young people – covering 14 participating countries. Sub-
jects are being identified and recruited in a time period in which
mobile phone use in young people has become more prevalent,
thus, increasing the statistical power and overall representative-
ness and generalizability of the results. In addition, MOBI-Kids
includes extensive exposure assessment work and validation stud-
ies using both historical provider records and SMPS to counteract
potential recall bias. Despite the various challenges faced by the
study team (which have implications for other epidemiological
studies), our experience thus far in developing and implementing
the study protocol indicates that MOBI-Kids is feasible and will
generate results contributing to the understanding of potential
brain tumor risks associated with use of mobile phones and other
wireless communication technologies among young people.
MOBI-Kids CONSORTIUM
Centre for Research in Environmental Epidemiology (CREAL):
Elisabeth Cardis, Chelsea Eastman Langer, Gema Carretero, L.
Kincl (now at: College of Public Health and Human Sciences,
Oregon State University). Martine Vrijheid, Alex Albert, Laura
Argenté, and Patricia de Llobet.
Australia: Monash University – Malcolm R. Sim, Rosa Schat-
tner, Geza Benke; Telecom Institute for Child Health Research
Western Australia – Elizabeth Milne; University of Sydney – Bruce
Armstrong.
Austria: Medical University of Vienna – Michael Kundi, Hans-
Peter Hutter, and Adelheid Woehrer.
Canada: Department of Epidemiology and Community Medi-
cine, University of Ottawa – Daniel Krewski, Charmaine Mohipp,
Franco Momoli, and D. Bedard; British Columbia Cancer Agency –
John Spinelli, M. Elwood, and A. Lai; Cancer Care Ontario – Paul
Ritvo, L. Stefanyk and Tina Changoor.
France: French National Registry of Childhood Solid Tumors,
CHU, Nancy – Brigitte Lacour, Thomas Remen, and Dominique
Delmas; IFSTTAR – Martine Hours; CHU Montpellier – Luc
Bauchet; Orange – Joe Wiart, E. Conil, N. Varsier, T. Sarrebourse,
and Abdelhamid Hadjem.
Germany: Institute and Outpatient Clinic for Occupational,
Social and Environmental Medicine, University Hospital of
Munich, Ludwig Maximilian University of Munich – Katja Radon,
Tobias Weinmann, Sabine Heinrich, Swaantje Klostermann, and
Vanessa Kiessling.
Greece: National and Kapodistrian University of Athens – Eleni
Petridou, Evdoxia Bouka, and Paraskevi Panagopoulou.
India: Tata Memorial Hospital – Rajesh Dikshit and Rajini
Nagrani.
Israel: Cancer and Radiation Epidemiology Unit, Gertner Insti-
tute – Siegal Sadetzki, Revital Bruchim, Angela Chetrit, G. Hirsh-
Yechezkel A. Zultan, K. Manor, T. Ben-Tal Grinshpan, L. Aslanov,
and Hadas Even-Nir.
Italy: Unit of Cancer Epidemiology,Department of Medical Sci-
ences, University of Turin – Franco Merletti, Milena Maule, and
Enrica Migliore; Neuroepidemiology Research Unit, Fondazione
I.R.C.C.S Istituto Neurologico Carlo Besta, Milan – Graziella Fil-
ippini and M. Farinotti; Institute for the Study and Prevention of
Cancer, Unit of Occupational and Environmental Epidemiology,
Florence – Lucia Miligi; Occupational Health Unit, Sant’Orsola-
Malpighi Polyclinic and University of Bologna – Stefano
Mattioli.
Japan: Tokyo Women’s Medical University – Naohito Yam-
aguchi, Noriko Kojimahara, D. Furushima, K. Kiyohara, N.
Tattybek, M. Shimoyamada, and S. Sato; Tokyo Metropolitan
University – Masao Taki and K. Wake.
Korea: Dankook University College of Medicine – Mina Ha,
Kyung-Hwa Choi, and Y.J. Lee; Electronics and Telecommunica-
tions Research Institute – Ae-Kyoung Lee and H.-D. Choi.
New Zealand: Massey University – Andrea ’t Mannetje and
Amanda Eng; University of Auckland – Alistair Woodward.
Spain: University of Huelva, Andalucía – Juan Alguacil and
A. Zumel; Carlos III Institute of Health – N. Aragonés, M. Pol-
lán, B. Pérez-Gómez, E. Ferreras, and A. Sierra; University of
Valencia – Maria Morales Suárez-Varela, I. Gavidia, and Agustín
Llopis-González.
The Netherlands: Institute for Risk Assessment Sciences, Divi-
sion Environmental Epidemiology, Utrecht University – Hans
Kromhout, Roel Vermeulen, and Geertje Goedhart.
United Kingdom: Physical Dosimetry Department, Public
Health England – Myron Maslanyj, S. Mann, C. Calderon, D.
Addison, T. Mee, and R. Findlay (now at: EMFcomp, Wantage,
Oxfordshire, UK).
ACKNOWLEDGMENTS
We would like to thank all of the research assistants and inter-
viewers in the study centers for their enormous efforts to ensure
Frontiers in Public Health | Epidemiology September 2014 | Volume 2 | Article 124 | 8
Sadetzki et al. EMF and brain tumor risk
that the study was carried out with care and with due considera-
tion for the participants. All the hospital services (neurosurgery,
neurology, oncology, pediatric oncology, general surgery, etc.) are
gratefully acknowledged for their cooperation and collaboration
in recruiting participants. We would also like to thank mobile net-
work operators for their collaboration in this study. Finally, we
would like to thank all participants and their relatives who took
part in this study. We appreciate it very much. France: we would
like to thank Dr. Martine Hours for her valuable advice and assis-
tance in the implementation of the study in France. We are grateful
to Dr. Luc Bauchet for supporting the implementation of the study
and for helping us in the solicitation of neurosurgeons. Germany:
we are very grateful to Vanessa Kiessling, Jenny Schlichtiger, and
Iven-Alex Heim for their dedication to the conduct of the study in
Germany. Also,we would like to thank Susanne Brilmayer and Silke
Thomas for their contribution to the planning and implementa-
tion of MOBI-Kids in Germany. India: we are deeply thankful to
Dr. Rakesh Jalali for helping us with the recruitment of study
participants. Italy: we thank all cooperating professionals who
made this study possible, Antonio Argentino, Anna Maria Badiali,
Emma Borghetti, Valentina Cacciarini, Laura Davico, Laura Fior-
ini, Francesco Marinelli, Sara Piro, and Caterina Salce. Japan: we
appreciate generous support and advice offered by the Japanese
Epidemiological Committee. Spain: we would like to thank Car-
men Caban for setting up, and Alex Albert for establishing and
maintaining the complex electronic database. We are grateful to
Patricia de Llobet for her valuable contribution in testing the elec-
tronic database as well as creating and updating the mobile phone
database. We would also like to acknowledge Laura Argenté as
project manager. Finally, we appreciate the enormous time and
effort of the regional coordinators (Irene Gavidia, Eva Ferreras,
Marta Cervantes, Angeles Sierra, and Angela Zumel). The Nether-
lands: we would like to acknowledge the following contributions:
the Dutch Society for Pediatric Oncology (SKION), represented
by A. Antoinette Y. N. Schouten-van Meeteren, for the support and
collaboration in setting up the case–control study in The Nether-
lands, the Dutch Childhood Cancer Parent Organization (VOKK),
represented by M. C. Naafs-Wilstra, for the collaboration in patient
recruitment. Funding: the research leading to these results has
received funding from by the European Community’s Seventh
Framework Programme (FP7/2007–2013) under grant agreement
number 22687 3 – the MOBI-Kids project. International coordina-
tion of the project is partly supported by a grant from the Spanish
Ministry of Science and Innovation (MICCIN). Australia: Aus-
tralian participation in MOBI-Kids is supported by the Australian
National Health and Medical Research Council with a five-year
research grant (grant number: 546130 and Chief Investigators are:
Malcolm R. Sim, Bruce Armstrong, Elizabeth Milne, and Geza
Benke). Austria: Austrian participation in MOBI-Kids is partly
supported by a grant from the Ministry of Science. Canada: Cana-
dian participation in MOBI-Kids is supported by a university–
industry partnership grant from the Canadian Institutes of Health
Research (CIHR), with the Canadian Wireless Telecommunica-
tions Association (CWTA) serving as the industrial partner. CWTA
provides technical information on wireless telecommunications
in Canada and facilitates access to billing records from Cana-
dian network operators, but has no involvement in the design,
conduct, analysis, or interpretation of the MOBI-KIDS study.
Health Canada has also provided financial support to facilitate
coordination between Canadian and international MOBI-Kids
investigators. Daniel Krewski is the Natural Sciences and Engi-
neering Research Council of Canada Chair in Risk Science at the
University of Ottawa. France: this project received funds from the
French National Agency for Sanitary Safety of Food, Environment
and Labour (ANSES,contract FSRF 2008-3),French National Can-
cer Institute (INCa), Pfizer Foundation and League against cancer.
Germany: the German branch of MOBI-Kids is supported by the
Federal Office for Radiation Protection. Greece: Greek participa-
tion is partially supported by ELKE (Special Account for Research
Grants of the National and Kapodistrian University of Athens)
and GGET (General Secretariat for Research and Technology).
India: MOBI-Kids India is supported by the Board of Research
in Nuclear Sciences (BRNS). Italy: Ministry of Health RF-2009-
1546284. Japan: Japanese participation in MOBI-Kids is supported
by the Ministry of Internal Affairs and Communications. Korea:
MOBI-Kids Korea is financially supported by the Ministry of Sci-
ence, ICT and Future Planning (MSIP), Korea in the ICT R&D
Program. New Zealand: MOBI-Kids New Zealand is supported by
grants from Cure Kids New Zealand and the New Zealand Health
Research Council. Spain: Spanish participation is partially sup-
ported by the Spanish Health Research Fund (FIS PI10/02981), the
Andalusian Consejeria de Salud (PI-0317/2010) and Conselleria
de Sanitat, Generalitat Valenciana under grant number 025/2010.
The Netherlands: Dutch participation in MOBI-KIDS is partly
supported by The Netherlands Organisation for Health Research
and Development (ZonMw) within the program Electromagnetic
Fields and Health Research under grant number 85800001, and by
the ODAS foundation, a private foundation supporting activities
in the field of pediatric oncology and visual disabilities.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at http://www.frontiersin.org/Journal/10.3389/fpubh.2014.
00124/abstract
REFERENCES
1. ANSES. Radiofréquences et santé. Mise à jour de l’expertise. Avis de l’Anses.
Rapport d’expertise collective [Internet]. Paris: Agence Nationale de Sécurité
Sanitaire Alimentation, Environnement, Travail (2013). Available from: http:
//www.anses.fr/sites/default/files/documents/AP2011sa0150Ra.pdf
2. CCARS. Informe sobre radiofrecuencias y salud (2009-2010) [Internet]. Madrid:
Comité científico asesor en radiofrecuencias y salud (CCARS) (2011). Available
from: http://www.ccars.es/sites/default/files/Informe_CCARS_2009-2010.pdf
3. SCENIHR. Health Effects of EMF [Internet]. Scientific Committee on Emerging
and Newly Identified Health Risks (SCENIHR) (2009). Available from: http://
ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_022.pdf
4. Swerdlow AJ, Feychting M, Green AC, Leeka Kheifets LK, Savitz DA. Mobile
phones, brain tumors, and the INTERPHONE study: where are we now? Environ
Health Perspect (2011) 119:1534–8. doi:10.1289/ehp.1103693
5. Sienkiewicz Z, Schüz, J, Poulsen AH, Cardis E. EFHRAN report on risk analy-
sis of human exposure to electromagnetic fields (revised). Deliverable Report
D2, European Health Risk Assessment Network on Electromagnetic Fields Exposur
[Internet]. EFHRAN (2012). Available from: http://efhran.polimi.it/docs/D2_
Finalversion_oct2012.pdf
6. Baan R, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, Benbrahim-Tallaa
L, et al. Carcinogenicity of radiofrequency electromagnetic fields. Lancet Oncol
(2011) 12:624–6. doi:10.1016/S1470-2045(11)70147-4
www.frontiersin.org September 2014 | Volume 2 | Article 124 | 9
Sadetzki et al. EMF and brain tumor risk
7. International Agency for Research on Cancer (IARC). IARC monographs on
the evaluation of carcinogenic risks to humans. Non-Ionizing Radiation, Part II:
Radiofrequency Electromagnetic Fields [Includes Mobile Telephones]. (Vol. 102),
Lyon: International Agency for Research on Cancer (IARC) (2013).
8. Wiart J, Hadjem A, Wong MF, Bloch I. Analysis of RF exposure in the head
tissues of children and adults. Phys Med Biol (2008) 53:3681–95. doi:10.1088/
0031-9155/53/13/019
9. Cardis E, Richardson L, Deltour I, Armstrong B, Feychting M, Johansen C, et al.
The INTERPHONE study: design, epidemiological methods, and description of
the study population. Eur J Epidemiol (2007) 22:647–64. doi:10.1007/s10654-
007-9152-z
10. The Interphone Study Group. Brain tumor risk in relation to mobile telephone
use: results of the INTERPHONE international case-control study. Int J Epi-
demiol (2010) 39:675–94. doi:10.1093/ije/dyq079
11. The Interphone Study Group. Acoustic neuroma risk in relation to mobile tele-
phone use: results of the INTERPHONE international case-control study. Cancer
Epidemiol (2011) 35:453–64. doi:10.1016/j.canep.2011.05.012
12. Aydin D, Feychting M, Schüz J, Tynes T, Andersen TV, Schmidt LS, et al. Mobile
phone use and brain tumors in children and adolescents: a multicenter case-
control study. J Natl Cancer Inst (2011) 103:1264–76. doi:10.1093/jnci/djr244
13. Schüz J, Elliott P, Auvinen A, Kromhout H, Poulsen AH, Johansen C, et al. An
international prospective cohort study of mobile phone users and health (Cos-
mos): design considerations and enrolment. Cancer Epidemiol (2011) 35:37–43.
doi:10.1016/j.canep.2010.08.001
14. Lagroye I, Percherancier Y, Juutilainen J, De Gannes FP, Veyret B. ELF mag-
netic fields: animal studies, mechanisms of action. Prog Biophys Mol Biol (2011)
107:369–73. doi:10.1016/j.pbiomolbio.2011.09.003
15. Advisory Group on Non-Ionising Radiation (AGNIR). Health Effects from
Radiofrequency Electromagnetic Fields – RCE 20 [Internet]. Didcot: Health
Protection Agency (2012). Available from: http://www.hpa.org.uk/webw/
HPAweb&HPAwebStandard/HPAweb_C/1317133826368
16. Soderqvist F, Hardell L, Carlberg M, Hansson MK. Ownership and use of wire-
less telephones: a population-based study of Swedish children aged 7-14 years.
BMC Public Health (2007) 7:105.105. doi:10.1186/1471-2458-7-105
17. Cardis E, Deltour I, Mann S, Moissonnier M, Taki M, Varsier N, et al. Distrib-
ution of RF energy emitted by mobile phones in anatomical structures of the
brain. Phys Med Biol (2008) 53:2771–83. doi:10.1088/0031-9155/53/11/001
18. Breslow NE, Day NE. Statistical methods in cancer research. Volume I – The
analysis of case-control studies. IARC Sci Publ (1980) (32):5–338.
19. Luckmann R, Davis P. The epidemiology of acute appendicitis in Califor-
nia: racial, gender, and seasonal variation. Epidemiology (1991) 2:323–30.
doi:10.1097/00001648-199109000-00003
20. Ohmann C, Franke C, Kraemer M, Yang Q. Status report on epidemiology of
acute appendicitis. Chirurg (2002) 73:769–76. doi:10.1007/s00104-002-0512-7
21. Malmer B, Adatto P, Armstrong G, Barnholtz-Sloan J, Bernstein JL, Claus E, et al.
GLIOGENE an international consortium to understand familial glioma. Cancer
Epidemiol Biomarkers Prev (2007) 16:1730–4. doi:10.1158/1055-9965.EPI-07-
0081
22. Sadetzki S, Chetrit A, Freedman L, Stovall M, Modan B, Novikov I. Long-term
follow-up for brain tumor development after childhood exposure to ionizing
radiation for Tinea capitis. Radiat Res (2005) 163:424–32. doi:10.1667/RR3329
23. Slusky DA, Mezei G, Metayer C, Selvin S, Von Behren J, Buffler PA. Com-
parison of racial differences in childhood cancer risk in case-control studies
and population-based cancer registries. Cancer Epidemiol (2012) 36:36–44.
doi:10.1016/j.canep.2011.05.005
24. Redmayne M, Inyang I, Dimitriadis C, Benke G, Abramson MJ. Cordless tele-
phone use: implications for mobile phone research. J Environ Monit (2010)
12:809–12. doi:10.1039/b920489j
25. Cardis E,Varsier N, Bowman JD, Deltour I, Figuerola J, Mann S, et al. Estimation
of RF energy absorbed in the brain from mobile phones in the INTERPHONE
study. Occup Environ Med (2011) 68:686–93. doi:10.1136/oemed-2011-100065
26. Calderón C, Addison D, Mee T, Findlay R, Maslanyj M, Conil E, et al. Assessment
of extremely low frequency magnetic field exposure from GSM mobile phones.
Bioelectromagnetics (2013) 35(3):210–21. doi:10.1002/bem.21827
27. Cardis E, Armstrong BK, Bowman JD, Giles GG, Hours M, Krewski D, et al. Risk
of brain tumors in relation to estimated RF dose from mobile phones: results
from five INTERPHONE countries. Occup Environ Med (2011) 68:631–40.
doi:10.1136/oemed-2011-100155
Conflict of Interest Statement: Daniel Krewski has conducted contract work for the
federal government of Canada (specifically, the Public Health Agency of Canada and
Industry Canada) involving systematic review and summary of scientific informa-
tion on potential health effects of radiofrequency fields. Malcolm R. Sim – wife had
shares of Cell Phone Company. Masao Taki’s department received a grant to support
numerical modeling work under a university–industry partnership. Joe Wiart works
at Whist Laboratory funded by Orange. None of this funding was used to support
the research described in this paper. The other authors declare that they have no
conflict of interest.
Received: 17 July 2014; accepted: 05 August 2014; published online: 23 September 2014.
Citation: Sadetzki S, Langer CE, Bruchim R, Kundi M, Merletti F, Vermeulen R,
Kromhout H, Lee A-K, Maslanyj M, Sim MR, Taki M, Wiart J, Armstrong B, Milne E,
Benke G, Schattner R, Hutter H-P, Woehrer A, Krewski D, Mohipp C, Momoli F, Ritvo
P, Spinelli J, Lacour B, Delmas D, Remen T, Radon K, Weinmann T, Klostermann
S, Heinrich S, Petridou E, Bouka E, Panagopoulou P, Dikshit R, Nagrani R, Even-
Nir H, Chetrit A, Maule M, Migliore E, Filippini G, Miligi L, Mattioli S, Yamaguchi
N, Kojimahara N, Ha M, Choi K-H, Mannetje A’, Eng A, Woodward A, Carretero
G, Alguacil J, Aragones N, Suare-Varela MM, Goedhart G, Schouten-van Meeteren
AAYN, Reedijk AAMJ and Cardis E (2014) The MOBI-Kids study protocol: challenges
in assessing childhood and adolescent exposure to electromagnetic fields from wireless
telecommunication technologies and possible association with brain tumor risk. Front.
Public Health 2:124. doi: 10.3389/fpubh.2014.00124
This article was submitted to Epidemiology, a section of the journal Frontiers in Public
Health.
Copyright © 2014 Sadetzki, Langer, Bruchim, Kundi, Merletti, Vermeulen, Kromhout ,
Lee, Maslanyj, Sim, Taki, Wiart , Armstrong , Milne, Benke, Schattner, Hutter ,
Woehrer , Krewski, Mohipp, Momoli, Ritvo, Spinelli, Lacour, Delmas, Remen,
Radon, Weinmann, Klostermann, Heinrich, Petridou, Bouka, Panagopoulou, Dikshit ,
Nagrani, Even-Nir, Chetrit , Maule, Migliore, Filippini, Miligi, Mattioli, Yamaguchi,
Kojimahara, Ha, Choi, Mannetje, Eng , Woodward, Carretero, Alguacil, Aragones,
Suare-Varela, Goedhart , Schouten-van Meeteren, Reedijk and Cardis. This is an open-
access article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Public Health | Epidemiology September 2014 | Volume 2 | Article 124 | 10
